Abstract After being kept in captivity and isolated from natural predators for more than 1,200 years, Père David's deer has been reintroduced in China and now occurs in a reserve where human activity is the only potential threat. Antipredator vigilance is an important component of survival for many prey animals in their natural habitat. Do deer still adjust vigilance as a function of risk after such a long period of relaxed predation pressure? Here, we examined vigilance levels in Père David's deer groups as a function of group size, sex and level of human disturbance. The results showed that individual vigilance significantly decreased with group size in all-female groups but not in all-males or mixed-sex groups. In rutting season, males compete with one another and harass females, and we argue that vigilance is partly aimed at threatening males and that such vigilance increases with group size. This explains why overall vigilance did not vary with group size for males in general and for females in mixed-sex groups. Vigilance increased in more disturbed areas but in in male deer only. The results indicate that despite relaxed predation pressure over centuries, Père David's deer can still adjust antipredator responses as a function of perceived risk. Such information may become useful in the rewilding programme now under way for this species in China [Current Zoology 59 (2): [265][266][267][268][269][270] 2013].
Père David's deer Elaphurus davidianus, a large ruminant, is one of a handful of species that has been extirpated from its natural habitat but survives in captivity (Jiang et al., 2000) . This deer species, which naturally occurred throughout eastern Asia, is thought to have disappeared from the wild nearly 1200 years ago, and has been held in captive groups ever since. The species was reintroduced in China in 1986 from a captive herd held in England (Li et al., 2007) . While many predators such as tiger Panthera tigris and wolf Canis lupus are believed to have preyed upon Père David's deer in its natural habitat, no direct experience with predators has probably occurred for several centuries . Do deer retain any antipredator behavior after such a long absence of interactions with their predators? For instance, do they still recognize sights and sounds of their former predators or do they still adjust antipredator vigilance as a function of predation risk? Knowledge about such responses to potential threats is crucial to a reintroduction programme since relearning to avoid predators may be necessary for species that have lost appropriate responses (Griffin et al., 2000) .
Relaxed predation pressure in the recent evolutionary history of a species can have contrasting effects (Lahti et al., 2009) . Some species have retained antipredator responses over thousands of years after relaxed selection (Byers, 1997; Placyk and Burghardt, 2011) while other species show degraded responses after just a few decades or centuries (Berger et al., 2001; Blumstein and Daniel 2002; Blumstein et al., 2004; Stankowich and Coss, 2007) . Explanations about differential persistence of traits under relaxed selection emphasize the cost of maintaining traits that are no longer useful and the possibility that more than one type of predators select for antipredator responses (Coss, 1999; Blumstein and Daniel, 2005) . Indeed, a costly antipredator response is likely to disappear when the trait is no longer beneficial under relaxed selection. Moreover, the presence of a single predator may select for the persistence of antipredator responses even when many threats have disappeared (Blumstein, 2006) . Recent work with Père David's deer indicates that despite isolation from their predators over more than a thousand years, individuals have retained memories of sights and sounds associated with their former predators such as tigers . Responding to the sight and sound of a predator is but one dimension of antipredator responses. Prey animals also show antipredator responses when predators are not seen or heard. For instance, individuals allocate time to scanning the habitat to detect potential threats (Caro, 2005) . Individuals can allocate much time to vigilance often at the expense of other fitness-enhancing activities such as feeding although vigilance may be relatively cost-free in some species (Baker et al., 2011) .
Antipredator vigilance is typically higher when predation risk is higher (Lima and Dill, 1990) and in gregarious species vigilance also varies as a function of group size (Elgar, 1989) . In particular, individual investment in vigilance usually decreases with group size as more eyes and ears are available to scan the habitat (Pulliam, 1973) . In addition, predation risk can be diluted among more individuals should an attack occur (Bertram, 1978) . Interestingly, this group-size effect on vigilance often disappears in species that experience relaxed predation (Catterall et al., 1992; Blumstein et al., 2004) although this is not always the case (Blumstein et al., 2001; Shi et al., 2010) . These findings can be of practical importance in a reintroduction programme where individuals would benefit from keeping vigilance at low, constant levels, allowing them to allocate more time to feeding, and thus adjust more easily to new foraging contingencies.
We examined the effect of group size on vigilance in a semi-free ranging population of Père David's deer reintroduced nearly 25 years ago in China. In the summer, deer graze on naturally occurring grasses but get food supplements in winter. No actual predation threats are present in the reserve. Deer forage in single-and mixed-sex groups that occupy two distinct zones except in winter where deer gather in large mixed-sex groups at sites with supplemental food. These two zones differ in the level of disturbance caused by people. The presence of people is often perceived as a threat (Frid and Dill, 2002) , and animals in many species often invest more time on vigilance when disturbance levels are higher (e.g. Burger and Gochfeld, 1991; Jayakody et al., 2008; Wang et al., 2011) . Archaeological evidence also suggests that deer were hunted in China for thousands of years (Cao et al., 1990) . In the reserve, Père Davis's deer reacted to human disturbance by showing more alert responses such as staring (Li et al., 2007) .
If human disturbance is perceived as predation risk, we predicted that vigilance levels would be higher in the more disturbed zone and that vigilance should decrease with group size even though threats from predators have been non-existent for an extended period of time. We examined such trends in male and female groups and also in mixed-sex groups. In a polygynous species such as Père David's deer, males compete with one another and also harass females. Therefore, vigilance may be aimed not only at threats occurring outside the group but also at threats caused by male behavior. Such vigilance related to intra-and inter-sexual competition has been documented in several species. For instance, territorial male impala Aepyceros melampus and giraffe Giraffa camelopardalis allocated more time to vigilance against intruding rivals (Shorrocks and Cocayne, 2005; Cameron and Du Toit, 2005) . Female giraffe were the most vigilant when a potentially threatening male was nearby (Cameron and Du Toit, 2005) . Sexual differences in the effect of group size on vigilance are thus expected given that the targets of vigilance may vary between the sexes (see Beauchamp 2008 for a recent review). In particular, the expected decrease in vigilance with group size may be dampened in groups with males if vigilance is also aimed at threats that occur within the group since such threats may become more prominent in larger groups (Beauchamp, 2001; Favreau et al., 2010; Li et al., 2012) . Finally, the effect of relaxed predation pressure may vary between the sexes if the targets of vigilance are different for each sex and would be strongest for the sex that faces fewer threats from inside the group. Sexual differences in the response to relaxed predation pressure have been noted in one species (Lung and Childress, 2007) but not in another (Shi et al., 2010) , suggesting that predation risk is not potentially the only factor influencing vigilance patterns.
Materials and Methods

Study site and study subjects
This study was conducted in the Dafeng Père David's deer National Nature Reserve (32°59′-33°03′N, 120°47′-120°53′E) in Jiangsu Province, China. The reserve is located on the Yellow Sea coast in eastern China and lies 2-4 m above sea level. Annual average temperature is 14.1°C, with an average temperature of 0.8°C in January, 27.0°C in July and 217 frost-free days. Average precipitation is 1068 mm with rain falling mostly between June and September. Local vegetation is dominated by cogongrass Imperata cylindrica, reed Phragmites australis, locust false-indigo Amopha fruticosa and locust Robinia pseudoacacia. Dafeng Nature Reserve consists of three core zones, two of which are enclosed by fences allowing Père David's deer to range freely. Our study was conducted in the two fenced core areas. Visitors are allowed in one core area but not in the other thus creating two zones with different levels of human disturbance (high versus low).
Père David's deer is an endangered species. A herd of 39 Père David's deer was reintroduced in the reserve in 1986. After 25 years of conservation and development, the population as of 2011 numbers 1789 making it the world's largest population kept in semi-natural enclosures. In addition, the reserve started a rewilding programme in 1998 and the wild population has grown to 182 deer in 2011.
Behavioral sampling
The study was conducted during the rutting season (June to August) in 2010 and 2011. We walked along trails in each core zone every day looking for deer groups. A group was defined as a collection of individuals with no more than 50 m separating any two deer. Solitary hinds, which could be herded by males, were also included in the group. We videotaped groups of deer using a digital camcorder. Selection of focal individuals for behavioral sampling was done when viewing the tapes later. Groups of deer were often large and to obtain sufficiently detailed information for eventual focal subjects, we aimed the camera at one part of the group before moving on to another part after a set period of 20 min. Observations for a given group ended when group size changed or after two hours, whichever came first. While the animals were not marked, it was unlikely that the same individuals were sampled more than once on a given day given the large size of the groups. To minimize observer effects, we made observations at least 150 m away from any group (Li et al., 2007) .
During the video analysis stage, we randomly selected at most four individuals of the same group for focal observations. For each individual, we noted in which zone observation took place, sex, group size and group type (all-male and all-female group, or mixed-sex group). Focal observations lasting less than 10 min were discarded. We noted the time allocated to vigilance during each focal observation. Vigilance occurred when a deer raised its head above the horizontal plane to scan the surroundings. From the videotapes, we calculated the percentage of time spent allocated to vigilance during each focal observation.
Statistical analysis
The dataset consisted of 324 focal observations collected from 153 groups over two years. Most individuals were sampled in groups that contained male and female deer (n = 262; 81%) but focal observations also took place in all-female groups (n = 36; 11%) and in all-male groups (n = 26; 8%). Overall, median group size was 17 and groups included from 1 to 303 individuals. Focal observations lasted on average 19.5±0.2 min. Time spent vigilant was 3.8% on average and ranged from 0 to 52.3%.
Percentage time spent vigilant was arcsine square-root transformed while group size was log 10 transformed to meet requirements for the linear models. Focal observations where deer did not feed were not included so as to focus on actively feeding groups. We first analyzed time spent vigilant in single-sex groups using a mixed linear model including year and group id nested within the year as independent random factors, the latter to take into account multiple focal observations within the same groups. Fixed independent factors included sex, zone, and group size treated as a continuous factor. We also considered two-way interactions between independent variables. Non-significant interactions were not retained in the final model. Second, we analyzed time spent vigilant in mixed-sex groups using a similar mixed linear model. Finally, we compared vigilance in single-and mixed-sex groups for male and female subjects separately using group type as a fixed independent factor. Back-transformed means and confidence intervals are shown below.
Results
In single-sex groups, mean time spent vigilant was higher in females (7.3%, 0-35.0) than in males (2.2%, 0-23.6), controlling for zone and group size (F 1,27 = 15.9, P < 0.001; Fig. 1 ). Mean time spent vigilant was also higher in the more disturbed zone (9.8%, 0-39.6) than in the less disturbed one (1.1%, 0-20.0), controlling for sex and group size (F 1,27 = 16.0, P < 0.001). In addition, there was a significant interaction between sex and group size (F 1,27 = 6.4, P = 0.02) and between sex and level of disturbance (F 1,27 = 16.2, P < 0.001) on individual time spent vigilant. Mean time spent vigilant decreased significantly with group size in female groups (β [SE] = -0.14 [0.067], t = -2.1, P = 0.04) but not in male groups (β [SE] = 0.067 [0.048], t = 1.4, P = 0.17; Fig. 1 ). Mean time spent vigilant in male groups was significantly higher in the more disturbed zone (10.9%, 0-41.5) than in the less disturbed one (0%, 0−10.7; t = 4.5, P < 0.001). In female groups, mean time spent vigilant in the more disturbed zone (8.7%, 0-38.0) increased when compared to the less disturbed zone (6.0%, 0-32.5), but this effect was not statistically significant (t = 1.2, P = 0.24). In the two types of groups including females, mean time spent vigilant by females was smaller in single-sex (0.57%, 0-3.1)) than in mixed-sex groups (1.8%, 0.45-3.9; F 1,102 = 11.3, P < 0.001), controlling for zone and group size. In the two types of groups including males, mean time spent vigilant by males in single-sex groups (2.3%, 0.59-5.1) did not differ statistically from that in mixed-sex groups (2.3%, 0.25-6.3; F 1,46 = 0.0, P = 0.99), again controlling for zone and group size.
Discussion
The results of our study showed sexual differences in group-size effect and reaction to various human-disturbance levels. Given the lack of direct contact with predators, the effect of group size and human disturbance levels on vigilance that we documented here certainly suggest that Père David's deer consider human presence as a threat, as has been documented in other mammalian species (e.g. Papouchis et al., 2001; Manor and Saltz, 2003; Jayakody et al., 2008) .
Considering single-sex groups first, we found that group size interacted significantly with sex. In particular, time spent vigilant decreased significantly with group size but only in female groups. The group-size effect on vigilance has been documented in several mammalian species facing predation threats (see Li et al., 2008; Li et al., 2009; Michelena and Deneubourg, 2011; Pays et al., 2012 for recent examples). It is perhaps the case that human pressure, as described above, helped maintain antipredator responses in Père David's deer despite the loss of contact over time with natural enemies. Indeed, it was hypothesized that the presence of a single type of threat may be sufficient to maintain antipredator responses in the face of relaxed predation pressure (Blumstein, 2006) .
To account for the lack of effect of group size on vigilance in all-male groups, we need to invoke another kind of disturbance, which occurs within rather than outside groups. In rutting season, males compete with one another for mating opportunities (Jiang et al., 2004) . Indeed, we have witnessed much fighting in all-male groups. In rutting season, adult male elk Cervus elaphus showed a significant increase in aggression from 1% to 7% of their time active (Lung and Childress, 2007) . Such disturbance within a group is likely to increase with group size, and vigilance directed at companions in the group is thus expected to increase with group size, counteracting the negative effect of group size on vigilance aimed at outside threats. Positive frequency-dependent factors, such as aggression, have been shown to dampen the negative effect of group size on vigilance (Slotow and Coumi, 2000; Beauchamp, 2001; Favreau et al., 2010) .
In mixed-sex groups, the negative effect of group size on vigilance disappeared in females. In rutting season, male deer often harass females for mating opportunities. For instance, males sniff females, chase them, and try to mate with them. Vigilance in females may thus be partly aimed at detecting harassing males. A social component to vigilance behavior has been suggested in several species (e.g. Treves, 1999; Hirsch, 2002; Li et al. 2012 ). This argument would explain why vigilance failed to decrease with group size in larger mixed-groups, where the potential for harassment is higher, and why females in mixed-sex groups invested more time in vigilance than in single-sex groups, controlling for group size.
We now turn to the effect of disturbance levels caused by human activity. Vigilance increased with dis-turbance levels in general but this effect was stronger in male-only than in female-only groups. Higher vigilance in more disturbed areas has been documented in many species (e.g. Manor and Saltz, 2003; Jayakody et al., 2008; Wang et al., 2011) . Beyond the issue of statistical power, we note that our classification of threat levels caused by human activity is quite coarse, and it is possible that females differed from males in terms of exposure to human activity even within the same core zones. Another possibility is that females, which are already more vigilant than males (7.3% for females versus 2.2% for males), are more limited in the extent to which vigilance may be increased in more disturbed areas. A ceiling effect was suggested by Manor et al. (2003) to explain lack of responses to human disturbance in mammals.
